must adopt and adapt the process integration approaches that currently advantage oil refineries. Biorefineries are behind oil with respect to developing and applying process integration by several decades. There is much that can be learned and transferred, but there are also issues that are prominent in biorefining but as yet inadequately addressed by existing process integration tools.
It is this recognition of the need for process integration to be developed specifically for biorefineries, and deployed to facilitate their introduction and to maximise their benefits, that was the motivation for the current special topic issue on "Biorefinery Integration". But there is an additional nuance that also underpinned the motivation for this special issue. Like oil refineries, biorefineries must develop and apply integration within their processes. But biorefineries must also be integrated externally with the rest of society, in ways that are arguably more subtle, complex and conspicuous that the integration of oil refining into society. Thus the call for papers for this special issue specifically requested contributions that addressed both the internal and the externally facing aspects of Biorefinery Integration, noting: "The impacts of biorefining are in many ways more apparent and acute than the more hidden and indirect impacts of the chemical and energy industries that quietly served our needs in the 20th century. This is most evident in the "food versus fuel" debate, in which the impacts of growing crops for fuel in competition with food crops are felt, understood and acted on (or reacted against) directly by society. There are also less obvious but equally relevant and complex interactions that need to be understood in order to inform policymakers and industrial practice; for example, the effects on energy and emissions of displacement of one type of animal feed with another as a result of biorefinery activities. However, these interactions are complex and subtle, requiring comprehensive life cycle analysis based on appropriate data and information. Thus this special issue on the subject of Biorefinery Integration calls for two types of paper. First, those dealing with the application of process integration principles to biorefineries, in order to enhance their energy efficiency and economic competitiveness and thereby to facilitate their appropriate introduction. And secondly, those looking at how biorefineries interact with agriculture, the food industry and the wider societal and policy frameworks and initiatives addressing sustainability and climate change, in order to integrate biorefineries most helpfully with the rest of 21st century activity and development."
The call for papers was very successful, resulting in the selection appearing in this current issue, which demonstrate the scope and quality of work being carried out all over the world on these two aspects of Biorefinery Integration. It is thus our hope that these papers will contribute to communicating and consolidating progress and direction in these areas. However, the call also elicited a number of papers describing research that, although relevant to biorefining and of great interest to the community, did not specifically address the integration agenda of the special issue. The solution to this dilemma was to conceive a companion special topic issue in ChERD's sister journal, Food and Bioproducts Processing, entitled "Biorefinery Innovations". This unique "special topic pair" will together, we hope, provide a valuable collection of papers giving context and detail on these two complementary aspects of advances in biorefinery engineering, in order to help the transition "from here to there".
The evolving role of biorefineries will require decision making at many local, national and international levels. Decision making, in relation to really big decisions, assumes availability of Options, to which are applied Courage and Judgement. (At least, proactive and commendable decision making does. Decisions made by default through cowardice or neglect are still decisions, and still have consequences.) Chemical engineers are inclined to describe themselves as Problem Solvers. They perhaps aspire less to defining themselves as Decision Makers. But they have the skills to contribute to effective decision-making. In this they may serve as Option Providers, drawing on their unique combination of fundamental and pragmatic skills within a systems framework to create new ways of meeting society's material needs. Many of the papers in these two companion special issues illustrate the chemical engineer as a Creator of Options. Or they may draw on this same toolbox to evaluate alternatives and distinguish between plausible and optimal solutions; again, many of the papers presented here illustrate this power of Engineering Judgement. Chemical engineers clearly have limitations and blind spots, it must be acknowledged, but an intuition for integrated perspectives gives the chemical engineering community a unique contribution to offer. An ongoing challenge is to integrate the contributions of chemical engineers into courageous national and global decisions about how the next few transition decades, on which the future of humanity hinges, will be managed.
